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Abstract 
CdS nanocrystals were synthesised by a simple and novel solvothermal method using a domestic microwave oven. X-
ray diffraction measurements indicate that, for all the three molecular ratios (1:1, 1:2 and 1:3) of reactants considered, 
the crystallite size is controlled to less than 14 nm. UV visible absorption spectral measurements show an optical 
bandgap within the range of 2.62-2.77 eV. Energy dispersive X-ray absorption spectral, DC and AC (with a fixed 
frequency of 1 kHz) electrical (at various temperatures ranging from 40-110qC) measurements were also carried out 
on all the three samples prepared. The results obtained indicate that the electronic contribution plays a dominant role 
in charge transport process and polarisability. 
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1. Introduction 
Semiconductor nanocrystals show unique size and shape-dependent optical properties due to quantum 
confinement effects; this may find a wide range of applications in optoelectronic devices, photocatalysis, 
solar energy conversion and biological imaging and labelling [1, 2]. For various aims of applications, the 
optical properties of semiconductor nanocrystals are required to be controllable and tailored. The 
tunability of optical properties of semiconductors is of key importance and would be beneficial to their 
applicability. Size dependent optical and electronic properties of semiconductors have thus created keen 
interest in nanometer scale particles [3-5]. To fulfil these needs, chemists are emphasising to develop new 
methods for synthesising in nanometer range. 
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CdS [a direct wide bandgap (2.42 eV at room temperature) semiconductor] is one of the most 
promising photo-sensitive materials owing to its unique photochemical activities and strong visible – light 
absorption and emission [6]. Recently semiconductor CdS nanoparticles have been widely studied and 
synthesised because it has unique properties and is interesting for photo-reactivity and photo-catalyst 
applications. Compared with conventional heating methods, microwave assisted heating presents a more 
rapid and simultaneous environment for the formation of nanoparticles due to the fast and homogeneous 
heating effects of microwave irradiation. Therefore, microwave assisted heating methods has the 
advantages of short reacting time, high energy efficiency, and the ability to induce the formation of 
particles with small size, narrow size distribution, and high purity. Moreover, using a low cost domestic 
microwave oven becomes more economical in the preparation. 
 
In the present study, we have prepared CdS nanocrystals by a simple and novel solvothermal method 
using a domestic microwave oven. Three different molecular ratios, viz.1:1, 1:2 and 1:3 of the reactants 
were considered. The prepared nanocrystals (three samples) were characterised by powder X-ray 
diffraction (PXRD), UV-visible absorption spectral, energy dispersive X-ray absorption (EDAX) and 
electrical (both AC and DC) measurements. The results are reported herein. 
2. Experimental  
Analytical reagent (AR) grade cadmium chloride monohydrate and thiourea were used as the reactants 
(precursors). These substances were used without further purification for the preparation of CdS. 
Cadmium chloride monohydrate was mixed with thiourea (separately) in 1:1, 1:2 and 1:3 molecular 
ratios. The fine mixture in each case was then dissolved in 100 ml doubly distilled water and kept in a 
domestic microwave oven (operated with frequency 2.45 GHz and power 800 W). Microwave irradiation 
was carried out till the solvent was evaporated completely. The colloidal precipitate obtained at the end 
was washed several times with doubly distilled water and then with acetone to remove the organic 
impurities present, if any. The sample was then filtered and dried in atmospheric air and collected as the 
yield. All the as-prepared samples were annealed at 150° C for 60 minutes to improve the ordering. The 
resultant powder material was preserved and used for the characterisation studies. 
 
The prepared samples were subjected to PXRD measurements by using an automated X-ray powder 
diffractometer (PANalytical) with CuKD radiation (O = 1.54056Å) to identify the material and determine 
the crystallite size (using the Scherrer method) and lattice parameters. EDAX measurements were carried 
out using JOEL SEM Model, JSM-5610 LV scanning electron microscope to estimate the chemical 
composition. The UV-visible absorption spectra for all the three samples were recorded using a Shimadzu 
UV-2400 PC spectrometer. The spectra were recorded with medium scan speed and sampling interval 0.5 
in the wavelength range 250-650 nm. Optical bandgap energies were also determined.  
 
The annealed powder samples were compacted into disc shaped pellets of dimensions 8 mm in 
diameter and 2.2 mm in thickness with 4 tonnes hydraulic pressure. The dimensions of the pellets were 
measured using a travelling microscope (L.C. = 0.001 cm). Both flat surfaces of the pellets were coated 
with high quality carbon ink to obtain a good conductive surface layer. These pellets were used for the 
electrical measurements at various temperatures ranging from 40-110 qC. The temperature was controlled 
to an accuracy of ± 1qC and the observations were made while cooling the sample. 
 
The DC electrical conductivity measurements were carried out for the pellets of all the three samples 
by the conventional two-probe technique using a million megohmmeter in a way similar to that followed 
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by Mahadevan and his co-workers [7, 8]. The DC electrical conductivity (Vdc) of the pellet was 
determined using the relation Vdc = d/RA, where R is the measured resistance, d is the thickness of the 
pellet and A is the area of the flat face of the pellet in contact with the electrode. 
 
The capacitance (Cc) and the dielectric loss factor ( tan į) were measured for the pellets of all the three 
samples by the conventional parallel plate method using an LCR meter (Systronics) with a fixed 
frequency of 1 kHz in a way similar to that followed by Mahadevan and his co-workers [9, 10]. Air 
capacitance (Ca) was also measured for the thickness equal to that of the pellet. The area of the pellet in 
contact with the electrode was same as that of the electrode. Since the variation of air capacitance with 
temperature was found to be negligible, air capacitance was measured only at room temperature. The 
dielectric constant of the pellets was determined using the relation Hr = Cc/Ca. The AC electrical 
conductivity (Vac) was determined using the relation Vac = İ0 İr ȦWDQį, where İ0 is the permittivity of free 
space (8.85u10-12 C2 N-1m-2) and Ȧis the angular frequency (Ȧ = 2Sf; f is the frequency, 1 kHz).  
 
Estimated standard deviation was determined by repeating the experiment several times and overall 
inaccuracy involved in both the electrical (AC and DC) measurements was found to be within ± 2%. 
3. Results and discussion 
Figure 1 shows the PXRD patterns observed in the present study. The PXRD patterns compare well 
with that available in the literature [11] for CdS nanocrystal indicating that the material of all the three 
samples prepared in the present study is basically CdS and the crystal system is found to be hexagonal. It 
can be seen that the PXRD peaks corresponding to lower concentration of thiourea exhibits wide and 
broadened peaks. The EDAX patterns observed (not shown here) also confirm the presence of Cd and S 
in the samples prepared. 
   
 
Fig. 1. X-ray diffraction patterns observed for the CdS nanocrystals prepared with different molecular ratios of 
reactants (a) 1:1; (b) 1:2 and (c) 1:3 
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The reflection data obtained from PXRD measurements were indexed by matching with the data 
available in the literature and lattice parameters (a and c) were estimated. The crystallite sizes, lattice 
parameters and the chemical compositions obtained for CdS nanocrystals prepared in the present study 
are provided in Table 1. It is seen from Table 1 that the sulphur content increases with the increase in 
thiourea content in the solution used for the preparation of CdS nanoparticles. Also the crystallite size 
increases with the increase in sulphur content. Considering this, the molecular ratio 1:1 is found to be 
better in preparing good stoichiometric CdS nanocrystals. 
 
Table 1. Crystallite sizes, lattice parameters and chemical compositions. The values in brackets are from JCPDS file. 
Molecular ratio of 
reactants 
Crystallite 
size (nm) 
Lattice parameters* Chemical composition 
A (Å) C (Å) Volume (Å3) Cd (at%) S (at%) 
1:1 11.49 4.1241 6.8171 100.41 49.14 50.86 
  (4.14092) (6.7198) (99.79)   
1:2 12.42 4.1301 6.7518 99.74 46.81 53.19 
1:3 13.36 4.1383 6.6923 99.25 44.42 55.58 
 
Figure 2 shows the UV-visible spectra observed in the present study. The spectra show clearly that all 
the three samples exhibit good absorption in the UV wavelength region and good transmittance in the 
visible wavelength region. The optical bandgap (Eg) estimated using the observed absorption edges are 
2.629, 2.681 and 2.762 eV respectively for 1:1, 1:2 and 1:3 molecular ratios. The Eg value increases with 
increase in sulphur content. Also, the Eg values observed in the present study are significantly more than 
that for bulk CdS crystal (2.42 eV). It is interesting to note that the sulphur content in the nanocrystal 
prepared is a deciding factor for the Eg value. 
 
 
Fig. 2. UV-visible spectra observed for the CdS nanocrystals prepared with different molecular ratios of reactants 
(a) 1:1; (b) 1:2 and (c) 1:3  
The lattice volume decreases with the increase of sulphur content. However, the change in the lattice 
volume is considerably small and cannot be considered as significant. This is because as sulphur content 
increases the cadmium content decreases (see Table 1). A balance is reached to maintain the lattice 
structure and lattice volume but with some significant defects changing the electronic structure. So, the 
change in stoichiometry causes defects and states in the band gap but with similar lattice parameters. 
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Fig. 3. The electrical parameters observed in the present study (AÆ1:1 ratio, BÆ1:2 ratio and CÆ1:3 ratio) 
The DC electrical conductivities (×10-7mho/m) (Vdc) , dielectric constants (Hr), dielectric loss factors 
(tan G) and AC electrical conductivities (×10-7mho/m)  (Vac) observed in the present study are shown in 
Fig. 3. All the electrical parameters, viz. Vdc, Hr, tan GandVac increase with increase in the sulphur 
content. 
 
The electrical conductivity of nanocrystalline material is higher than that of both conventional coarse 
grained polycrystalline materials and alloys. The residual resistivity of nanocrystalline materials of zero K 
decreases with increase in crystallite size. The temperature coefficient of electrical resistivity decreases 
with increase in crystallite size. If the crystallite (grain) size is smaller than electron mean free path, grain 
boundary scattering dominates and hence electrical resistivity as well as temperature coefficient is 
increased. The magnitude of electrical resistivity and hence the conductivity in the composites can be 
changed by altering the size of the electrically conducting component. In the present study also, very 
significant change of conductivity (both AC and DC) takes place due to change in the sulphur content of 
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CdS nanocrystals. The electrical conductivities (both AC and DC) observed in the present study are of the 
order of 10-7 mho/m which is very low when compared to that for bulk CdS. The dielectric constants 
observed are also significantly less when compared to that for the bulk CdS (8.64) [12]. It manifests the 
LPSRUWDQWUROHRIVL]HHIIHFWLQGLHOHFWULFFRQVWDQW7KHREVHUYHGVPDOOHUYDOXHVRIİr for the CdS quantum 
dots (QDs) as compared to their bulk counterpart suggest that the size dependent effects also play a role 
LQİr.  
 
It is well known that the domain size, boundary thickness and space charge concentration are the main 
factors affecting the dielectric constant. Any increase in the domain wall thickness reduces the net volume 
of the individual crystallite size and alter the depolarization energy. In addition, lattice defects, impurities, 
dislocations and micro strains, etc increase the dielectric constant. In our case, the crystallite (domain) 
VL]HLQFUHDVHVZLWKWKHLQFUHDVHLQVXOSKXUFRQWHQWDQGWKHİr value also increases. From these insights, it is 
clear that by changing the stoichiometry one can tune the dielectric properties. Tuning the dielectric 
property also plays a main role in tuning the charge confinement characteristics of semiconductor QDs. 
Also, the properties of nanocrystalline materials show deviation from the corresponding bulk properties 
when the sizes of the crystallite become less or comparable to the exciton Bohr radius. The average 
crystallite sizes observed in the present study are within 14 nm and are considerably small. 
 
By considering the results obtained in the present study and other known facts mentioned above, it can 
be understood that there seems the occurrence of nano-confined states in the CdS nanocrystals prepared 
especially more with the good stoichiometric CdS nanocrystal (prepared with 1:1 ratio). This may 
substantially contribute to the electrical properties of that. Thus, electronic contribution plays a vital role 
in charge transport process and polarisability in the case of all the three CdS nanocrystals prepared in the 
present study. 
4. Conclusion 
CdS nanocrystals have been successfully prepared by a simple and novel solvothermal method using a 
domestic microwave oven. Results of PXRD, EDAX spectral and UV-visible absorption spectral 
measurements indicate that increase of crystallite size (but within 14 nm) and increase of Eg value (more 
than 2.62 eV) and sulphur content are possible with the increase of thiourea concentration in the 
preparation of nanocrystals. Results obtained through electrical (both AC and DC) measurements indicate 
the possible occurrence of nano-confined state. Also, it is understood that electronic contribution plays a 
vital role in the charge transport process and polarisability. 
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